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The problem of inefficient use of rain and irrigation water by crops is most important on light textured soils
of semi-arid and arid regions. Application of super absorbent polymers into the soil could be one of the
effective ways to increase water use efficiency in crops. Therefore, laboratory and field investigations have
been conducted to study water retention and release characteristics of a cross linked polymer of
polyacrylamide and potassium acrylate (PAM) and to evaluate its effect on yield and water productivity in
tomato grown on sandy loam soil under field conditions. In laboratory studies, irrespective of source of
water, polymer showed rapid initial hydration followed by no more water absorption towards the point of
equilibrium. Overall, the amount of water absorbed by one gram of polymer ranged from 247-369 g in
distilled water, 141-175 g in 50% Hoagland solution, 120-155 g in irrigation water, 116-141 g in 100%
Hoagland solution, 96-115 g in 0.01 M CaCl2 and 86-111 g in 200% Hoagland solution over 5 – 240 min
saturation period. The amount of water absorbed by polymer decreased from 360 to 110 g g-1 with increasing
electrical conductivity (EC) of the source of water from 0.03 to 2.23 dS m-1. Application of polymer at
graded rates (0.25-1.0% of soil, w/w) to sandy loam and sandy clay loam soils increased the available water
content by 101-192 per cent as compared to untreated soils. In field experiment, at every week irrigation,
application of polymer @ 25 or 50 kg ha-1 had no significant effect on tomato plant height and fruit yield.
Similarly, application of polymer had no significant effect on plant height and fruit yield when tomato was
irrigated every third week. But application of polymer at 25 kg ha-1 with alternate week irrigation not only
produced the higher tomato yield but also increased the water productivity to 290.6 kg ha-mm-1 and thereby
saved 180 ha-mm irrigation waters during a crop growth season.
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Dry regions account for 45% of world land area of
which 7% arid, 20% semi-arid and 18% dry sub-
humid (FAO 2000). These arid, semi-arid and sub-
humid lands are collectively referred as drylands. In
India, about 15 million ha (Mha) of dryland lies in
the arid region which receives <500 mm rainfall;
another 15 Mha is in semi-arid region with 500-750
mm annual rainfall. This low rainfall is also
characterized by erratic with uneven distribution.
Light texture Alfisols are major group of soils in semi-
arid region which occupies almost 30% of this region
(Subba Rao 2011). These soils are shallow (up to 45
cm deep), coarse textured, contain low organic matter
(0.3-0.4% organic C) and are subjected to sever
erosion (Rao et al. 2013). Crop yields are low partly
due to dry climate, shallow depth of soils, low
moisture holding capacity and poor soil fertility.
Kaolinite is the dominant clay mineral in these soils.
Drought is a recurring problem and is one of the major
limiting factors that affect crop growth and
productivity. Moisture stress is a major constraint for
crop growth in arid and semi-arid regions, as the
precipitation is low and uncertain in these areas (Rao
et al. 2013). So increasing water holding capacity in
soils with limited water retention in sandy soils could
be achieved by using hydrophilic polymers or other
soil amendments such as compost or farmyard manure
(FYM), tank silt, etc. which reduce water loss through
leaching and improving water use efficiency.*Corresponding author (Email: ksreddy_iiss39@yahoo.com)
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Farmyard manure or compost are the commonly used
natural soil conditioners in India for reclaiming sandy
soil at different rates ranged from 10 to 20 t ha-1. But
now sufficient quantity of FYM is not available due
to other competitive uses (Sammi Reddy et al. 2005).
Therefore, considerable attention is being paid
recently to use synthesized conditioners such as super
absorbent polymers (SAP) i.e. hydrogels to improve
water holding capacity of sandy soils.
Three main types of hydrogels have so far been
developed as agricultural polymers: (i) starch-graft
copolymers obtained by graft polymerization of
polyacrylonitrile on to starch followed by
saponification of the acrylonitrile units; (ii) cross-
linked polyacrylates; and (iii) cross-linked
polyacrylamides and cross linked acrylamide–acrylate
copolymers containing a major percentage of acryl
amide units. Most of the hydrogels marketed for
agriculture come from the latter group as they are
claimed to remain active in soil for a much longer
time (Nus 1982).
Contact between the polymer granule and water
results in absorption until equilibrium is reached
(Woodhouse and Johnson 1991). Johnson (1984)
reported a 171 to 402 per cent increase in the water
retention capacity when polymers were incorporated
in coarse sand. Hydrogels lead to increased water use
efficiency since water that would have otherwise
leached beyond the root zone is captured. During hot
days, the hair root system of a plant pulls out and
depletes most of the water from the area close to the
root system, thus causing the plant to go into stress.
While increasing the amount of available moisture,
hydrogels help to reduce water stress of plants
resulting in increased growth and plant performance
(Azzam 1980; Joao et al. 2007; Ekabafe et al. 2011).
Earlier literature showed that increased water retention
capacity attributed to polymer addition significantly
reduced irrigation frequency (Gehring and Lewis
1980; Flannery and Busscher 1982; Taylor and
Halfcre 1986) and the total amount of irrigation water
required (Sammi Reddy et al. 2013).
However, the determination of optimum amount
of polymer for the best performance is influenced by
many factors including, climate, polymer type,
polymer granule size, soil type, temperature, plant
species etc. Many researchers found that application
of 20 kg ha-1 PAM prior to irrigation increased
infiltration rates and reduced runoff and erosion
(Smith et al. 1990; Stern et al. 1992).
Tomato is an important vegetable crop in India
which occupies about 11% of total vegetable growing
area. It is cultivated over 1 Mha area which produces
about 16.9 Mt fruit yield. Even though tomato is
grown throughout the year but it occupies most of the
area during monsoon season due to availability of
sufficient irrigation water. But monsoon crop would
not fetch attractive net returns to farmers due to over
production and also because of its perishable nature.
Cultivation of tomatoes in off-season (end of winter
to summer season) using ground water and stored
harvested rain water is very profitable to farmers as
the prices of tomatoes in summer season are very
high (Bijay Kumar et al. 2011). Growing of off-season
tomatoes on sandy soils with harvested water is a
major challenge to farmers in peri-urban areas of
semi-arid regions. Application of polymers to
tomatoes grown on light textured soils could be useful
for increasing area with limited water resources
through enhanced water use efficiency.
The present investigations aimed to study water
retention and release characteristics of a cross linked
polymer of polyacrylamide and potassium acrylate
(PAM) and to assess the effect of their application on
water retention capacity of sandy loam and sandy clay
loam soils (Alfisols) in a laboratory and to evaluate
its effect on yield and water productivity in tomato
grown on sandy loam soil under field conditions.
Materials and Methods
Laboratory investigations
Rate of absorption of water by polymer: To
determine the rate of absorption of water by the
polymer, 1 g polyacrylamide-potassium acrylate
polymer was placed in each beaker and then filled
with 1 L of distilled water or other source of water
(irrigation water/0.01 M CaCl2/50%, 100% and 200%
concentrated Hoagland solutions). Polymers were
remained in water source for 5, 10, 20, 40, 60, 120
and 240 min. After respective time, excess water was
drained out through a 106 µm sieve for five min, and
the weight of hydrated material was recorded. The
water retained by polymer (hydration potential) was
expressed as g water absorbed g-1 polymer (Ghebru et
al. 2007). Each treatment was replicated three times
in a completely randomized design.
In the present studies, 50, 100 and 200%
Hoagland solutions were used to get salinity gradient
(EC) in distilled water so that the effect of salinity of
medium on hydration potential of polymer can be
studied. The 100% Hoagland solution is the normal
Hoagland nutrient solution recommended for growing
of plants in sand culture experiments which contains
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KNO3-101, Ca(NO3)2.4H2O-236, NH4H2PO4-115,
MgSO4.7H2O-246, KCl-1.9, H3BO3-0.8, MnSO4.H2O-
0.17, ZnSO4.7H2O-0.29, CuSO4.H2O-0.06, H2MoO4-
0.04 and FeDTPA-30 g L-1. Half of the concentration
of these salts were maintained in 50% Hoagland
solution and double concentration of these salts were
maintained in 200% Hoagland solution. Another
important reason for selecting the Hoagland solution
is to see the effect of salinity caused due to presence
of different nutrient ions present in the solution.
Earlier studies showed that the effect of salinity of
solution containing many divergent ions (Foster and
Keever 1990) on hydration potential of polymer was
lower than the salinity of solution containing fewer
ionic species.
Water retention and release characteristics of
polymer: Hydrated polymer samples prepared as per
above procedure were used for determining the
amount of water released from polymers and water
retained in the polymer after subjecting to the 0.33
bar (field capacity, FC) and 15 bar (permanent wilting
point, PWP) pressures using pressure plate apparatus.
Each hydrated polymer was divided into two equal
parts. One part of hydrated polymer was distributed
into different rings which were placed on the 0.33 bar
ceramic plate of pressure plate apparatus and
subjected to 0.33 bar pressure until no more water
was released. Similarly, another part of hydrated
polymer was distributed into different rings which
were placed on the 15 bar ceramic plate of pressure
plate apparatus and subjected to 15 bar pressure until
no more water was released. After water extraction,
without undue delay, the polymer samples were
transferred from rings to a dish and weights of wet
samples were recorded. Then amount of water
absorbed in 1 g polymer out of which the amount of
water released and retained in the polymer after
subjecting to 0.33 and 15 bar pressure were computed.
These studies were conducted in triplicate.
Effect of application of polymer on water
retention by soil: For studying the effect of application
of polymer on water retention by soil, two soils viz.,
sandy loam and sandy clay loam soils were used. Each
soil (20 g) was mixed with graded rates of polymer @
0, 0.25, 0.50, 0.75 and 1.0% of soil on dry weight
basis. The polymer treated soil filled into rubber rings
placed on the ceramic plate of pressure plate
apparatus. Then the plate was covered with water to
wet samples and excess amount of water was added
between the rings on the plate. The samples were
allowed to stand overnight. Next day morning, after
removing the excess water, the plates were installed
into the pressure plate apparatus at 0.33 and 15 bar
and the respective pressures were maintained to
extract water until no more water was released. After
removing wet soil samples from the pressure plate,
wet weights were recorded without undue delay. Then
samples were dried in a oven at 105 oC for 24 h. Then
dried soil samples were kept in desiccator, cooled and
dry weights recorded for calculation of moisture (%,
w/w) at FC and PWP.
Available water capacity (%) = FC (%) – PWP (%)
Sandy loam soil was collected from Hayatnagar
Research farm of Central Research Institute for
Dryland Agriculture (CRIDA), Hyderabad (at 17°18N
latitude, 78°36 E longitude at an elevation of 515 m
above mean sea level). This soil was non-saline (EC
0.46 dS m-1) and neutral in reaction (pH 6.6) with
66% coarse sand, 11% fine sand, 10% silt and 13%
clay. Sandy clay loam soil was collected from Gunegal
Research Farm of CRIDA, Hyderabad (17°4040.4
N latitude and 78°3955.7 E longitude at a mean sea
level of 626 m).This soil was also non-saline (EC,
0.58 dS m-1) and neutral in reaction (pH 6.8) with
71% sand, 6% silt and 23% clay. Organic carbon (OC)
content of sandy loam and sandy clay loam soils were
3.7 and 4.3 g kg-1, respectively.
Polymer
Polymer used in the present study was an
agriculture grade cross-linked copolymer of
polyacrylamide and potassium acrylate (PAM) that
are water insoluble. Particle size of polymer was 0.3-
1 mm. Specific gravity and cation exchange capacity
(CEC) of the polymer were 1.10 g cm-1 and 4.6 meq
g-1, respectively.
Field experiment
A field experiment was conducted at Hayatnagar
Research Farm, Central Research Institute for Dryland
Agriculture (CRIDA), Hyderabad with tomato
(Lycopersicon esculentum) (cv. Himsona) to evaluate
the effect of application of above mentioned polymer
on yield and water productivity. Field experiment
comprised of 9 treatment combinations of three
irrigation levels (Every week irrigation, Alternate
week irrigation and Every 3rd week irrigation) and
three rates of polymer application (0, 25 and 50 kg
ha -1). The size of irrigation was 20 mm. Each
treatment was replicated thrice, so there were a total
of 27 plots. The experiment was carried out in split
plot design with irrigation levels in main plots and
polymer rates in sub-plots. Each plot size was 3 m ×
3 m. All plots received uniform dose of N, P and K at
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150, 50 and 125 kg ha-1, respectively. Half of the N
and entire dose of P and K were applied at the time of
transplanting as basal dose. Remaining half of N was
applied in two equal splits at 20 and 40 days after
transplanting (DAT). Tomato was transplanted on 23
November 2012 and last harvesting of fruits was done
on 20 April 2013. After transplanting, polymer was
dibbled near plant at 10-12 cm depth. Recommended
package of practices were followed for weed, pest
and disease control in tomato crop. Irrespective of
treatments, all plots were given every week irrigation
up to 3 weeks till the seedlings were established and
afterwards irrigation was given as per irrigation
treatment levels. Tomato fruits were harvested
altogether 12 times during the crop duration.
The soil of the field experiment was sandy loam
in texture and low in organic C content (4.3 g kg-1),
available N (144 kg ha-1), available P (10 kg ha-1) and
available K (98 kg ha-1). But it was sufficient in
available S (12 mg kg-1) and available Zn (0.62 mg
kg-1).
Soil analysis
Ten random soil cores were taken from the
experimental field at 0-0.15 m depth before
transplanting of tomato. Soil cores were mixed, air-
dried and ground to pass through a 2-mm sieve.
Potentially available (mineralizable) N was
determined by distilling the soil with alkaline
potassium permanganate solution and measuring the
NH4-N in the solution (Subbiah and Asija 1956). Soil
samples were analyzed for Olsen-P by extracting with
sodium bicarbonate (0.5 M NaHCO3, pH 8.5, 1:20
soil to water extract ratio). Phosphate concentration
in the extract was estimated colorimetrically by
ascorbic acid blue colour method of Murphy and Riley
(1962). Available K (1 M ammonium acetate
extractable) was determined according to the
procedure of Hanway and Heidel (1952). Organic C
was determined by the wet oxidation procedure of
Walkley and Black (1934). Soil available Zn was
extracted in 0.005 M DTPA-CaCl2 at pH 7.3 (Lindsay
and Norvell 1978) and its concentrations in the
extracts was determined by atomic absorption
spectrophotometer (Perkin Elmer Model 700 AA).
Analysis of plant samples
Representative plant samples of tomato (fruits
and other remaining plant parts) were collected from
each plot and analyzed for N, P and K. Total N was
determined by digesting plant samples using the semi-
Kjeldahl method of Bremner and Mulvaney (1982)
and the NH4-N formed was measured using an auto
analyzer. For determination of total P and K, plant
samples were digested in a tri-acid mixture
(HNO3:HClO4:H2SO4 at 3:1:1 ratio). Total P and K
were determined in the acid digests using the
vanadomolybdate yellow colour method and by flame
photometer, respectively (Jackson 1973). Total N, P
and K uptakes were computed from the dry matter
yield and nutrient concentrations.
Statistical Analysis
All laboratory investigations were carried out in
triplicate and standard deviations were worked out
for all the observations. The data from field
experiment on fruit yield, dry matter yield, nutrient
uptake etc. were subjected to standard analysis of
variance. The significance of the treatment effect was
determined using the F-test, and, to determine the
significance of the difference between the means of
the two treatments, least significant differences (LSD)
were estimated at the 5% probability level (Gomez
and Gomez 1984).
Results and Discussion
Laboratory investigations
Rate of hydration of polymer: Irrespective of
source of water, polymer showed rapid initial
hydration followed by more or less constant water
absorption towards the point of equilibrium (Table
1). Absorption of water by polymer was such that 67-
84% of maximum absorption was achieved within five
min and 80-92% of maximum absorption was
absorbed within ten min. In case of distilled water,
irrigation water and 50% Hoagland solution,
maximum of amount of water was absorbed in 40
min. After 40 min, no more water was absorbed. In
case of 0.01 M CaCl2 and 200% Hoagland solution,
maximum absorption of water was achieved in 60
min and thereafter remained constant. When critically
compared, absorption of water was slow in case of
200% Hoagland solution as compared to others
sources of solution. In 200% Hoagland solution, only
80% of maximum absorption was achieved in first
ten min.
Substantial losses of irrigation water occur by
extensive percolation in coarse soils. The speed and
efficiency of any storage facility is, therefore crucial.
If a slow hydrating polymer is used, a relatively longer
period of irrigation has to be provided for the polymer
to expand fully. This is because much water can be
lost through runoff, percolation or leaching during
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the expansion phase of the polymer. In such cases,
the present polymer is found very ideal as it absorbed
almost 95-99% of maximum water within 20 min.
According to Wang and Gregg (1990), complete
hydration took up to 12 h in some polyacrylamide
polymers.
When amount of water absorbed by polymer
from different sources of water was compared,
polymer absorbed the highest amount of water (369 g
g-1) from distilled water followed by 50% Hoagland
solution, irrigation water, 100% Hoagland solution,
0.01 M CaCl2 and 200% Hoagland solution (Table 1).
Overall, the amount of water absorbed by one gram
of polymer ranged from 247-369 g in distilled water,
141-175 g in 50% Hoagland solution, 120-155 g in
irrigation water, 116-141 g in 100% Hoagland
solution, 96-115 g in 0.01 M CaCl2 and 86-111 g in
200% Hoagland solution over 5–240 min saturation
period.
Soluble salt content of different sources of water
might be the reason for differences in absorption of
water polymers from different sources. The electrical
conductivity (EC) values varied from 0.03 dS m-1 in
distilled water to 2.23 dS m-1 in 200% Hoagland
solution. The amount of water absorbed by polymer
decreased from 360 to 110 g g-1 with increasing EC
from 0.03 to 2.23 dS m-1 (Table 2). Soluble salt
content in different sources of water significantly
affected the absorption of water by polymer which
was consistent with previous results (Johnson 1984;
Lamont and O’Connel 1987).
The degree of reduction in water holding
capacity of a particular polymer depends upon the
structure and chemical composition of the product and
the concentration and variety of ions in the soil
solution to which the polymer is being exposed (Wang
1989). Earlier work has shown that fertilizer solutions
reduced polymer water absorption ability by as much
as 75-90% (Bowman et al. 1990). In the present
investigation, the hydration potential of polymer was
reduced by 31-49% with other sources of water as
compared to distilled water but still polymer holds
good amount of water which is important considering
its use in rainfed/dryland agriculture. The possible
reason for the relatively better performance of current
polymer, compared to 75-90% reduction in absorption
capacity of other polymers, may be because the
solutions used in this experiment particularly
Hoagland solution contained a combination of
different nutrients. Combining fertilizer nutrients have
reduced the impact of salt solution on some polymers
(Foster and Keever 1990) which may be a positive
thing from the point of view for use in agriculture.
Water release characteristics of polymer: The
same hydrated polymer samples in which effect of
salinity on water absorption studied were subjected to
0.33 bar (FC) and 15 bar (PWP) pressure in the
pressure plate apparatus to extract water (Table 3).
Across the source of water, about 92-98% of absorbed
water was released at 0.33 bar pressure. At FC
pressure, lowest amount of water (92.4%) was
released in case of distilled water and 98.5% was
released with 0.01 M CaCl2 which were not
statistically significant. When subjected to 15 bar
pressure, about 97.6-99.6% of absorbed water was
Table 2. Effect of salinity of medium on hydration potential
of polyacrylamide-potassium acrylate polymer
Source of water EC (dS m-1) Hydration potential
of medium (g water absorbed
g-1 polymer)
Distilled water 0.03 360.2±12.3*
50% Hoagland solution 0.74 177.7±6.7
Irrigation water 1.14 150.3±6.3
100% Hoagland solution 1.49 140.8±5.2
0.01 M CaCl2 2.17 115.6±4.3
200% Hoagland solution 2.23 110.9±4.0
*Standard deviations
Table 1. Hydration potential (g water absorbed g-1 polymer) of polyacrylamide-potassium acrylate (PAM) in different media
Time of Distilled Irrigation 0.01 M Hoagland solution Hoagland solution Hoagland solution
saturation water water CaCl2 (50% strength) (100% strength) (200% strength)
(min)
5 246.9 119.7 96.2 141.0 115.7 86.0
10 310.2 142.5 105.9 148.0 125.0 88.8
20 346.5 148.6 108.5 159.0 137.8 98.7
40 369.0 154.6 109.6 175.0 141.1 104.9
60 368.0 153.2 114.2 173.0 140.1 110.6
120 368.9 152.8 115.0 170.5 139.0 110.0
240 368.3 153.0 114.0 173.4 140.7 109.4
LSD (P=0.05) 15.6 5.0 4.9 7.8 6.4 4.5
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Table 4. Soil moisture content as influenced by application of polyacrylamide-potassium acrylate polymer
Rate of polymer Water retention in soil Water retention in soil Available water content
application (%, w/w) at 0.33 bar (A) (%, w/w) at 15 bar (B) (%, w/w) (A-B)
(% of soil, w/w)
Sandy loam soil
0 8.9±1.1* 5.4±0.6 3.5
0.25 17.3±1.9 8.2±1.0 9.0
0.50 26.8±2.5 14.8±1.6 12.0
0.75 31.2±2.5 18.4±1.9 12.8
1.00 36.2±3.2 21.1±2.2 15.0
Sandy clay loam soil
0 10.7±1.3 6.0±0.7 4.6
0.25 16.3±1.8 7.0±0.9 9.3
0.50 20.2±2.1 8.8±1.6 11.
0.75 26.0±2.0 14.0±1.8 12.0
1.00 33.1±2.9 19.5±2.0 13.5
*Standard deviations
Table 3. Water released from hydrated polyacrylamide-potassium acrylate polymer at 0.33 and 15 bar pressure
Source of water Weight of polymer + Weight of polymer + water retained in it after subjecting to pressure (g)
water retained in it
before subjecting 0.3 bar 15 bar
to pressure (g)
Distilled water 360.2±12.3* 27.3 (7.6)** 1.35 (0.4) **
50% Hoagland solution 177.7±6.7 4.90 (2.8) 4.18 (2.4)
Irrigation water 150.3±6.3 5.30 (3.5) 1.85 (1.2)
100% Hoagland solution 140.8±5.2 3.72 (2.6) 1.45 (1.1)
0.01 M CaCl2 115.6±4.3 1.74 (1.5) 1.75 (1.5)
200% Hoagland solution 110.9±4.0 4.68 (4.2) 2.51 (2.3)
*Standard deviations; **Figures in parentheses are % of water absorbed
released. These results clearly showed that the water
held in polymer can easily be available to plants. In
earlier studies, Joao et al. (2007) reported that more
than 90% of water absorbed by polymer was available
to plant roots.
Effect of application of polymer on water
retention in soil: At field capacity, water retention in
both sandy loam and sandy clay loam soils
significantly increased with increased rates of
application of polymer from 0.25 to 1% of soil on dry
weight basis (Table 4). In sandy loam soil, water
retention at field capacity increased by 93 per cent at
0.25% polymer application rate and by 304.5 per cent
at 1% polymer application rate as compared to no
polymer application. In sandy clay loam soil, water
content increased by 52.7 per cent with 0.25% rate of
polymer application rate and by 209.3 per cent at 1%
rate of polymer application. At PWP, polymer treated
soils held more water than untreated soils and the
amount of water held by treated soils increased with
increase in the rate of application of polymer. At PWP,
the water retention in sandy loam soil was increased
by 51 per cent with 0.25% polymer rate and by 215
per cent with 1% polymer application rate. Similarly,
sandy clay loam soil retained higher water at PWP by
16 per cent with 0.25% polymer rate and by 173 per
cent at 1% polymer application rate.
As a consequence of increased water retention
at FC and PWP in both the soils, the available water
content increased with increase in the rate of
application of polymer (Table 4). In sandy loam soil,
available water content increased by 158.6 per cent
with 0.25% polymer rate and by 192 per cent with
1% polymer application rate as compared to no
polymer application. Similarly, in sandy clay loam
soil, available water content increased by 100.9 per
cent with 0.25% polymer rate and by 192% with 1%
polymer application rate. These results showed that
when polymers are incorporated into a soil they retain
large quantities of water. The plants absorb stored
water from polymer as and when required. It has been
reported that a 171 to 402 per cent increase in the
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water retention capacity is recorded when polymers
were incorporated into sandy soils (Ekabafe et al.
2011). This increased water retention attributed to
polymer addition significantly reduced irrigation
frequency (Flannery and Busscher 1982). The increase
in the water retention with application of different
rates of polymer at FC and PWP was more in sandy
loam soil than sandy clay soil. Hemyari and Nofziger
(1981) observed that addition of PAM at the rate of
0.4% (by weight) to loamy and sandy loam soils
resulted in higher water retention compared to their
untreated counterparts. However, PAM had only little
effect on water retention in clay and loam textured
soils.
Field Experiment
Tomato plant height, fruit yield and dry matter
production: At every week irrigation, application of
polymer @ 25 kg ha-1 or 50 kg ha-1 had no significant
effect on tomato plant height and fruit yield (Table
5). Plant height varied from 72.2 cm with every third
week irrigation without polymer application to 106.1
cm with combination of every week irrigation and 50
kg ha -1 polymer application. Polymer had no
significant effect on plant height when tomato was
irrigated every third week. The effects of polymer
application and irrigation levels on fruit yield were
similar to that of plant height. At every week
irrigation, tomato fruit yield produced at different
rates of polymer application was at par with that of
no polymer application. But when tomato was given
irrigation at alternate weeks, application of polymer
had significant effect on fruit yield. Alternate week
irrigation with application of 25 kg polymer ha-1
produced significantly higher fruit yield as compared
to no polymer application. But further increase in the
rate of application of polymer to 50 kg ha-1 showed no
significant increase in the yield as compared to 25 kg
ha-1 at alternate week irrigation. Application of
polymer even at 50 kg ha-1 with every third week
irrigation produced significantly lower fruit yield as
compared to every week irrigation without or with
polymer application. Effect of different treatment
combinations on total dry matter production of tomato
was essentially similar to that of fruit yield. Total dry
matter production varied from 5.1 t ha-1 with every
third week irrigation with no polymer application to
9.8 t ha-1 with every week irrigation plus 50 kg
polymer ha-1. These results clearly brought out that
application of polymer is not beneficial when soil
water availability is sufficient to meet crop
requirement and application of 25-50 kg polymer ha-1
would not be sufficient to meet water requirement of
crops when irrigated at every third week. But
application of 25 kg polymer ha-1 can save one
irrigation every fortnight during the growing season
of tomato crop. Many researchers found that
application of 20 kg PAM ha-1 prior to irrigation
increased infiltration rates and reduced runoff and
erosion (Stern et al. 1992). Application of 28 kg water
absorption polymer (Bhagiratha) per hectare along
with recommended rates of fertilizers to pigeon pea
maintained higher soil moisture level in sandy loam
soil at different growth stages of crop and produced
higher seed yield and N uptake by 12 and 10 per cent,
respectively as compared to control (only fertilizers)
(Mondal 2011).
Super absorbent polymers cause improvement in
plant growth by increasing water holding capacity in
soils (Boatright et al. 1997) and delaying the duration
to wilting point in drought stress (Gehring and Lewis
1980). Water conservation by gel creates a buffered
environment being effective in short-term drought
tension and losses reduction in establishment phase
in some plant species. Totally, proficiency in water
consumption and dry matter production are positive
plant reactions to super absorbent polymer application
(Woodhouse and Johnson 1991). Poly (ethylene
oxide) hydrogel, polyacrylamide hydrogel and cross-
linked poly (ethylene oxide)-co-polyurethane hydrogel
were attempted to alleviate the plant damage that
resulted from salt-induced and water deficient stress
(Shi et al. 2010).
Nutrient uptake by tomato: Treatment
combinations of irrigation level and polymer
application significantly influenced the nutrient (N, P
and K) uptake/removal by tomato (Table 5). In
general, the trend of effect of different treatments on
nutrient uptake by tomato was similar to that of fruit
yield and dry matter production. The highest N (123.6
kg ha-1), P (36.6 kg ha-1) and K (131.6 kg ha-1) uptake
by tomato was observed in plots those received
alternate week irrigation and polymer application at
50 kg ha-1 and were at par with that of alternate week
irrigation with 25 kg polymer application rate.
Application of polymer either at 25 kg ha-1 or at 50 kg
ha-1 with every week and every third week irrigation
had no significant effect on N, P and K uptake by
tomato. In earlier studies, nutrient (NPK) uptake by
rose was increased in sandy and loamy soils with the
application of Igita (a Japan-made super absorbent
polymer) at 0.05-0.3% of soil (Karimi et al. 2008).
Shim et al. (2008) by studying on different
hydrophilic polymers on nutrient uptake illustrated
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that increase in N, P, K, Ca and Mg uptake by plant
was a result of better plant growth in polymer treated
plots.
Water productivity in tomato: At different rates
of polymer application, tomato crop in plots with
every week irrigation received 20 irrigations, plots
with alternate week irrigation received 11 irrigations
and plots with every third week irrigation received 8
irrigations during the crop growth period (Table 5).
Total amount of water applied to every week irrigation
plots was 400 ha-mm, alternate week irrigation plots
was 220 ha-mm and every third week irrigated plots
was 160 ha-mm. Water productivity was computed
using fruit yield data and total amount of water
applied during crop growth period. Application of
polymer at 25 kg ha-1 with alternate week irrigation
recorded the highest water productivity of 290.6 kg
ha-mm-1 and saved 180 ha-mm irrigation water during
a crop growth season. The irrigation efficiency in light
textured sandy loam soils is very low ranging from
30-40% due to leaching of water to deeper layers
below root zone when irrigated. The polymer present
in the root zone absorbs water whenever irrigated and
reduces leaching. The rate of evaporation of water
from polymer is very low. Soil get dried earlier than
polymer. Few days after irrigation, when soil get
dried, polymer continue the supply of water to plants
for few more days. In earlier studies also it was
observed that the wilting of plants due to moisture
stress was delayed by 3-5 days as compared to
untreated plots (Nus 1982). This supply of moisture
from polymers to tomato helped in delaying the
irrigation. This cycle of absorption of water by
polymer and release continues as long as irrigation is
given to crops and therefore few irrigation cycles are
needed.
In the laboratory studies, this particular polymer
retained about 150 g water per g and thereby increased
the available water content of sandy loam soil by 158-
329 per cent. The results of laboratory studies were
reflected in the field studies. The stored water in the
polymer is released as required by the plant. Thus,
plant growth was improved, and/or water supplies
conserved. It has been reported that increased water
retention capacity attributed to polymer addition
significantly reduced irrigation frequency (Flannery
and Busscher 1982) and the total amount of irrigation
water required. In an experiment, it was estimated
that Conocarpus lancifolius in warm and dry climate
of Kuwait, applying Agrihope polymer in 0.4% weight
concentration lead to 50% lesser irrigation need than
that of control (Bhat et al. 2009). Poormeidany andTa
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Khakdaman (2006) recommended to apply polymer at
planting time to different crops in order to reduce
irrigation and to have proper amount of plant survival.
Conclusions
Irrigation water is becoming increasingly
limiting world over. It is important to improve the
water use efficiency (WUE) of plants. The use of
water retaining polymers has potential for enhancing
WUE in horticultural and field crops. The
polyacrylamide potassium acrylate polymer (PAM)
used in the present study has a fast rate of hydration,
which is a very important characteristic in the
selection of polymer for agricultural use. The
hydration potential of polymer reduced with
increasing salt content of source of water but it still
holds good amount of water particularly in irrigation
water (150 g water g-1 polymer) which is important
considering its application in rainfed agriculture.
Application of polymer at different rates increased
the available soil moisture content by 101-192 per
cent in sandy loam and sandy clay loam soils. The
characteristics of polymer and effect of its application
on soil moisture content were found beneficial in
saving irrigation water without affecting the yield of
tomato under field conditions. The combination of
alternate week irrigation with application of 25 kg
polymer ha-1 produced similar tomato growth and fruit
yield to that of every week irrigation without polymer
use. This combination also recorded the highest water
productivity in tomato and thereby saved 180 ha-mm
irrigation water during a crop growth season. Thus,
these results clearly demonstrated that the application
of polymer @ 25 kg ha-1 could enhance the area under
tomato with limited water availability in off-seasons
on sandy soils of rainfed areas.
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